A new microwave ring resonator using guided magnetostatic surface waves
INTRODUCTION
Magnetostatic wave (MSW) devices l -S form the basis of a new class of emerging microwave analog signal processing devices. Among these devices, MSW resonators and the corresponding loop transducers can be fabricated using conventional UV photolithography. It provides broad frequency tunability (2-18 GHz) by an external magnetic field. The insertion loss is low, and the Q is moderate, whereas for acoustic wave resonators one needs submicron photolithography. Although Q is usually high the insertion loss is also very high at microwave frequencies. It is well known that yttrium iron garnet sphere resonators operate well at microwave frequencies but require tedious and expensive fabrication procedures. MSW techniques, however, provide a simpler means of obtaining very high Q resonators for MSW oscillator and complex filter functions. In an earlier paper9 I discussed the magnetostatic surface wave (MSSW) resonators in detail. In this paper I focus on how the matching of the loop transducer with MSSW resonators was done.
We initially prepared 3-mm-wide, I-in-Iong MSSW resonators on epitaxially grown YIG films on GOG substrates by usual standard UV photolithography techniques. To drive these resonators in the 2-6 GHz region we fabricated microstrip loop transducers (see Fig. 1 ) (MSW wavelength was chosen to be 300 /-tm). The MSSW resonators are driven with structure A of Fig. 1 in flipped configuration on structure B. Although the resulting Q (quality factor) of the resonators driven by the said loop transducers were in the region 800-3000 in the frequency range 3-6 GHz. the corresponding insertion losses were very high (15-34 dB) when 3-mm~ long microstrip loop transducers were used. Moreover, the 3-mm-wide resonators with 3-mm~long loop transducer combinations were not tunable beyond 4.5 GHz because of the occurrence of the uniform resonance mode with IL higher than the MSSW mode and very low Q. Using a 1 ~mm~wide resonator with a 1-mm-Iong microstrip loop transducer Table II and Figs. 3 and 4.) For matching, SII' parameters (both magnitUde and phase) were determined using a HP network analyzer with the resonator I (see Tables I and II) at several frequencies over 3-6 GHz. Before measuring the SII parameters, the Sll channel of the network analyzer was adjusted so that the SII magnitude and phase were 1· and 180·, respectively. at each frequency in the range 3-6 GHz when a I-mm transducer short was used alone. The transducer short was made by grounding at the input of the microstrips of an identical loop transducer. The resonator was then set at resonance at the same frequency and the SII parameters were determined (thus the SI I parameters were determined with respect to the transducer short). SI! parameters were plotted on a Smith chart (see Fig. 5 ) and the primary matching design as foHowed as provided by Hewlett-Packard Application Note 154. As matching over an octave band of 3-6 GHz is difficult, we tried finally to optimize the matching through computer optimization of microwave passive and active circuits (COMPACT). The circuit which optimized the matching is shown in Fig. 2 (a) (assuming it is built on 250-pm quartz substrates which have €, = 3.8). The widths WI and W 2 of the transmission line microstrips AS and CD as obtained from COMPACT were 0.52 and 0.55 mm, respectively, and the corresponding lengths were 6 and 5 mm, respectively [see Figs YIG film on 2SD-pm GGG substrate) . 
MICROSTRIP MATCHED CIRCUIT
In order to fabricate the above-mentioned computer optimized circuit of Fig. 2(a) on 250-flm-thick quartz substrates in the form of microstrips only, it was necessary to utilize the inductance and capacitance of the microstrips so that the required inductance of L = 1.51 nH and the capaci· tance C = 0.3 pF could be introduced in the microstrips without the necessity of lumped components. The microstrip structure of Fig. 2 (b) was found to be very convenient for photolithographic reproduction on quartz substrates. Its equivalent circuit is shown in Fig, 2(c) . To calculate the required lengths I] and the width W of the microstrip between Band C, the fonowing points were taken into account:
( 2( c) is the equivalent circuit of the microstrip discontinuities.
The frequency (f = 4.5 GHz) in the foHowing equations 10 was chosen to be the center of the 3-6 GHz band: The same resonator as K2 at 6 GHz with unmatched I-mm loop transducer. We see that the S" notch does not coillcide with the S21 peak and the insertion loss is higher. Moreover the olfresonance rejection is also [ower than in (a). 
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for ZOL > 50 n, i.e., for inductive microstrip, Er for quartz = 3.8, and Eeff (L) for inductor micros trip AB (Zo/ = 100 n) can be obtained from Eq. (3 (2) and (3) with the help of Eq. (1). Ag ( C) and Ag (L) can then be determined from the equation using corresponding EdT as obtained above.
As applicable to the microstrips and the equivalent circuits (Fig. 1) 
FIG. 5. Measured S'I parameters for the resonator I (7-llm YIG film) with I-mm unmatched transducer are shown in alphabetic Ofders denoted by smail letters at frequencies: 3. 0, 3.2,3.4,3.6,3.8,4.0,4.2,4.4,4.6,4.8,5.0,5.1, 5.2,5.3,5.4,5.5,5.55,5.65,5.75,5.85,5 .95, and 6.0 GHz. Capital letters show measured S" at above frequencies with matched transducer. N umbers show S, J measured with another resonator (K2) built with 14-,um YIG film, with matched transducer in the range 3-6 GHz at steps of 0.2 GHz.
Zoe was used in the above equations as an unknown parameter, rather than the characteristic impedance of the 5-mm micros trip between B and A in Fig. 2 where hs = 0.25 mm is the substrate thickness.
Final length IL and the width W of the inductor microstrip were calculated to be 1.1 mm and 131 {tm. The matched transducer we then fabricated through the usual photolithographic technique. The output transducer was a mirror image of the input transducer shown in Fig. 2 . After matching the following improvements have been observed.
RESULTS OF TRANSDUCER MATCHING
( I) It has been possible to reduce the insertion loss by 6 dB more, i.e., the insertion loss at resonance with most of the i-mm resonators can be kept at 6-14 dB over 3 GHz; the insertion loss as low as 6 dB at resonance has been obtained for some resonators (Fig. 4) . Relative improvements at matching can be seen in Figs. 3(a) , (b) and 4(a), (b). After matching we see that the S2! peak coincides with the So notch which results in reduced IL. The lowest IL achieved with a l-mm matched transducer was 13 dB at 6 GHz with the resonator K2 (Table II) .
(2) The out off-resonance rejection has been improved
